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Objective. The aim of this paper is to describe the results 
obtained from the application of a specific local deprivation 
index, to general and cause-specific mortality and influenza 
vaccination coverage among elderly people in the municipality 
of Florence.
Methods. General and cause-specific mortality data (2009-2013) 
and influenza vaccination coverage data (2015/16 and 2016/17) 
were collected for subjects aged ≥ 65 years residing in the munici-
pality of Florence (Tuscany), at the 2011 Census section level. 
A Socio-Economic and Health Deprivation Index (SEHDI) was 
constructed and validated by means of socio-economic indicators 
and mortality ratios.
Results. Half of the population of Florence belonged to the 
medium deprivation group; about 25% fell into the two most 
deprived groups, and the remaining 25% were deemed to be 
wealthy. Elderly people mostly belonged to the high depriva-
tion group. All-cause mortality and cause-specific mortality 
(cancer and respiratory diseases) reached their highest values 
in the high deprivation group. Influenza vaccination coverage 
(VC) was 54.7% in the 2015/16 and 2016/17 seasons, combined. 
VC showed a linear rising trend as deprivation increased and 
appeared to be correlated with different factors in the different 
deprivation groups.
Conclusions. As socio-economic deprivation plays an important 
role in health choices,  application of the SEHDI enables us to 
identify the characteristics of the main sub-groups of the popula-
tion with low adherence to influenza vaccination. The results of 
the present study should be communicated to General Practition-
ers, in order to help them to promote influenza vaccination among 
their patients.
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Introduction
Tuscany, an Italian Region with a population of 
3,742,437  [1], is composed of 10 Provinces and 276 
Municipalities. Florence, the capital city of Tuscany, is 
situated in the north of the Region and is the most popu-
lous city. In the municipality of Florence, the population 
grew from 358,079 in 2011 [2] to 382,258 in 2017 [1]. 
Elderly people, i.e. aged ≥ 65, account for about a quar-
ter of the whole population (25.5% in 2011 and 25.8% 
in 2017) [1]. The age pyramid shows that people older 
than 80 years are more frequently widows or widow-
ers, a condition that is more frequent among women [3]. 
With regard to the structural indicators of the population, 
in 2017 the ageing index was 214.8 and the old-age de-
pendency ratio was 41.5 [4].
According to 2001 Census data, the areas with the high-
est percentages of deprived and highly deprived people 
are those on the western side of Florence and the area 
south of the River Arno. By contrast, the north-eastern 
area of the city has the lowest percentage of deprived 
and highly deprived people [5]. In a recent analysis per-
formed in 2012, the percentage of people living in de-
prived or highly deprived areas of the city was 37.2%, 
lower than the average Tuscan value (40%) [5].
The main causes of death are cardiovascular diseases 
(36.1%) and cancer (28.9%). Other significant causes 
of death are respiratory tract diseases, nervous system 
diseases, injuries and gastrointestinal diseases. Cumula-
tively, the six above-mentioned leading causes of death 
account for more than 87% of all deaths [5]. 
In the Local Health Unit of Florence, the standardized 
mortality ratio in the years 2013-2015 was 8.7/1000: 
specifically, 10.9/1000 in males and 7.2/1000 in females. 
The standardized PYLL (potential years of life lost) rate 
was 33.03 (32.8-33.3) and the age-standardised avoid-
able mortality rate was 176.3/100,000 (166.7/100,000-
185.8/100,000) [6].
With regard to socio-economic aspects, in 2017 the total 
unemployment rate in the Province of Florence stood at 
6.8% [7]. This value has shown an increasing trend over 
the last ten years, but it remains lower than the regional 
Tuscan unemployment rate. The highest values are those 
among young people aged 15-24, whose unemployment 
rate was 16.4% in 2017. The employment rate of the 15-
64 age-group was 69.3% in 2017 [7, 8]. 
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Here, we report the results obtained from the applica-
tion of the deprivation index to mortality and influenza 
vaccination coverage among people over 65 years of age 
according to the 2011 Census data on the municipality 
of Florence.
Methods
The study was approved by the Local Ethics Committee 
in September 2016, and data collection was authorized 
to start in October 2016. Moreover, in order to enable 
the analysis of coverage data collected by General Prac-
titioners (GPs) in Florence in October 2017, a scientific 
collaboration agreement between the Local Health Unit 
of Central Tuscany and the Department of Health Sci-
ences (University of Florence) was approved. The study 
population comprised subjects aged ≥ 65 years residing 
in the municipality of Florence (Tuscany) who had un-
dergone influenza vaccination by their GPs.
The work was carried out according to the following 
phases:
• Phase 1: collection of mortality data. 
General and cause-specific mortality data were ob-
tained from the Regional Mortality Registry (RMR) 
for the years 2009-2013, by gender and by two age-
groups (0-64y and over 65y). A shared procedure of 
data exchange was established between the Munici-
pal Statistical Office and the RMR, in order to as-
sign each deceased person to the corresponding 2011 
Census section. In this first phase of the data collec-
tion, the following steps were followed:
• the RMR provided the Florence Municipal Statis-
tical Office with a list of names (name, surname, 
date of birth and fiscal code, accompanied by an 
identifier code constructed ad hoc for the study) 
of all the residents of the Municipality of Flor-
ence who had died in the period 2009-2013;
• the Florence Municipal Statistical Office assigned 
each subject on the list provided by the RMR to a 
census section by using two linkages, one for the 
name and date of birth and one for the fiscal code. 
The Statistical Office then sent a file containing 
only the following information to the RMR: the 
identifier code and the census section to which 
the subject had been assigned;
• the RMR then provided the mortality data re-
garding the variables listed above: all causes and 
specific causes of death, by sex, two age-classes 
(0-64; 65+), year and census section. This infor-
mation was then transmitted by the RMR to the 
local study manager and, in aggregate form, to the 
Project Coordinator.
• Phase 2: collection of influenza immunization cover-
age data.
During the second phase, the following steps were 
followed:
• collection of the number of subjects 
aged  ≥  65  years vaccinated during the 2015/16 
and 2016/17 influenza vaccination campaigns by 
each GP in Florence. These data were obtained 
through the computer files containing the list 
of vaccinated patients, available at the Florence 
Health District;
• identification of the address of the main outpa-
tient clinic served by each GP. This information 
was used as a proxy of the geographical area of 
each GP, and was obtained from the database con-
taining information on all GPs in Florence;
• the address of each GP’s main clinic was linked 
to the corresponding census section (geocoding), 
after the list of all the addresses and their corre-
sponding 2011 Census sections had been obtained 
from the Statistical Service of the Municipality of 
Florence;
• calculation of the vaccination coverage (VC) in 
each census section. The total number of patients 
aged ≥ 65 years vaccinated by each GP was ob-
tained from the database containing information 
on all GPs in Florence.
The total number of GPs was 260 in the 2015/16 season 
and 266 in the 2016/17 season. The difference between 
the two years was due to the different numbers of GPs 
retiring and of those starting work. 
A local Socio-Economic and Health Deprivation Index 
(SEHDI) was developed according to the methodology 
proposed by Lillini et al. [9]. Three main factors made 
up the index and provided the best profiles of socio-
economic-health inequalities in Florence; these factors 
explained 60.7% of the total variance.
To test the accuracy of the SEHDI, a validation proce-
dure using socio-economic indicators and mortality ra-
tios was performed [9].
Results
Regarding the socio-economic validation of the SEHDI, 
Figure 1 shows the main socio-economic status indexes 
for each deprivation group.
Half of the population of Florence belonged to the medi-
um deprivation group. About 25% fell into the two most 
deprived groups, and the remaining 25% were deemed 
to be wealthy. The least deprived groups were seen to 
live in the city centre area, while the north-western area 
of the city had the highest percentage of deprived resi-
dents. Elderly people mostly belonged to the high dep-
rivation group, which showed the highest ageing index 
value (292.92).
The unemployment rate varied from 4.53 to 7.01, with 
the highest value in the high deprivation group. Accord-
ingly, the employment rate was highest (74.28) in the 
low deprivation group, as was the activity rate (57.80).
Concerning mortality ratios, Table  I shows the general 
and cause-specific mortality ratios in each deprivation 
group. Cause-specific mortality was analysed with re-
gard to the following diseases: cancer (general and sex-
specific) and respiratory tract diseases (including pneu-
monia and COPD).
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The RMR recorded a total of 22,563 deaths among resi-
dents of the municipality of Florence in the period 2009-
2013. Of these, 22,032 deaths were linked to the 2011 
census sections and included in the analysis; this figure, 
which corresponded to 97.6% of the total number of 
deaths, was obtained after electronic and manual cross-
check and data validation. 
All-cause mortality and cancer-related mortality showed 
a non-linear trend, with the highest values in the high 
deprivation group; the respiratory disease-specific mor-
tality rate displayed a linear trend, with the highest value 
in the high deprivation group. 
Regarding the distribution of the SEHDI by census 
section, the analysis showed that high deprivation was 
concentrated mainly on the western side of the city. The 
central area (north and south of the river) was the least 
deprived (Fig. 2). 
After application of the “linkage procedure” between 
the census section and the VC of each GP’s main outpa-
tient clinic, the overall average VC was calculated to be 
54.7% in the 2015/16 and 2016/17 seasons, combined; 
specifically: 57.3% in the 2015/16 season and 53.8% in 
2016/17. 
The results showed a linear rising trend in VC as depri-
vation increased (Fig. 3A-3C), which means that elderly 
subjects in the highly deprived group were more likely 
to be vaccinated than those in the least deprived group. 
Concerning the 2015/16 season, a positive correlation 
emerged between VC and the percentage of married 
people, of people with lower secondary education, and 
of 2-member families. By contrast, a negative correla-
tion was seen between VC and the percentage of singles/
unmarried, of unemployed people looking for new jobs, 
of foreigners and stateless persons residing in Italy, of 
1-member families and of unemployment.
Fig. 1. Distribution of socio-economic status indexes in the five deprivation groups.
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In the 2016/17 season, a positive correlation was ob-
served between VC and the percentage of married 
people, of 2- and 4-member families, and the average 
number of people per occupied dwelling. VC displayed 
a negative correlation with the percentage of separated 
and divorced people, of people belonging to the labour 
force, of unemployed people looking for new jobs, of 
term contract workers, and of temporary jobs.
Finally, in the whole period (2015/17), a positive cor-
relation emerged between VC and the percentage of 
married people and of 2- and 4-member families, and 
the average number of people per dwelling. A negative 
correlation was seen between VC and the percentage of 
divorced people, of people belonging to the labour force, 
of unemployed people and of temporary jobs. 
On examining the individual census variables, it emerged 
that VC correlated with different factors in the different 
deprivation groups (Tab. II).
Discussion
Using census data to quantify socio-economic deprivation 
is a generally well-accepted method of identifying popu-
lations with poorer health outcomes  [10]. In particular, 
since influenza immunization among the elderly is an im-
portant public health intervention to prevent unnecessary 
hospitalizations and premature death, the use of socio-
economic deprivation indexes has been proposed in order 
to identify non-vaccinating subgroups [11].
In recent years, the age structure of the Florentine popu-
lation has shown a reduction in the central age-groups 
and a steady increasein the elderly population. In par-
ticular, the percentage of older women living alone in-
creases with age, and these subjects constitute a group at 
high risk of social isolation and poverty [3, 4, 12].
In the present study, a specific deprivation index, the SE-
HDI, was drawn up and validated at the local level, in 
order to obtain a better estimation of health inequalities 
associated with environmental factors.
Regarding validation of the SEHDI, the present study 
confirmed, as expected, that elderly people are more 
likely to belong to the most deprived group. With regard 
to health-related validation, mortality was clustered by 
both overall and cause-specific mortality in this study. 
The results showed that increasing deprivation is signifi-
cantly associated with all-cause and cause-specific mor-
tality. The association with socio-economic deprivation 
is less clear with regard to mortality due to colorectal 
cancer, which showed higher values in the medium-low, 
medium and medium-high deprivation groups. These re-
sults are consistent with those of previous studies, which 
Tab. I. Rates of general and cause-specific mortality in each deprivation group.
A) General and cause-specific mortality rates (respiratory tract diseases)
Deprivation group General mortality 
SMR(95%CI)
Respiratory tract
SMR(95%CI)
Pneumonia/Flu
SMR (95%CI)
COPD
SMR(95%CI)
High deprivation 1.22(1.17-1.27) 1.51(1.29-1.74) 2.06(1.49-2.62) 1.29(0.99-1.29)
Medium-high deprivation 1.04(1.00-1.07) 1.08(0.94-1.22) 1.23(0.90-1.56) 1.10(0.89-1.30)
Medium deprivation 1.10(1.08-1.12) 1.25(1.16-1.34) 1.79(1.56-2.02) 1.08(0.97-1.20)
Medium-low deprivation 1.13(1.09-1.16) 1.22(1.06-1.39) 1.39(1.02-1.77) 1.04(0.82-1.25)
Low deprivation 1.00(0.96-1.05) 1.08(0.89-1.26) 1.36(0.90-1.81) 1.05(0.78-1.32)
Total 1.09(1.08-1.11) 1.23(1.17-1.29) 1.63(1.47-1.78) 1.10(1.01-1.18)
Trend p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
B) Cause-specific mortality rates (cancer)
Deprivation group All cancers
SMR(95%CI)
Stomach
SMR(95%CI)
Colorectal
SMR(95%CI)
Lung
SMR(95%CI)
High deprivation 1.20(1.09-1.30) 1.50(1.06-1.95) 1.26(0.94-1.58) 1.77(1.48-2.05)
Medium-high deprivation 1.02(0.95-1.09) 1.08(0.80-1.37) 1.30(1.05-1.54) 1.24(1.06-1.42)
Medium deprivation 1.05(1.01-1.09) 0.99(0-83-1.14) 1.40(1.26-1.55) 1.12(1.02-1.22)
Medium-low deprivation 1.11(1.03-1.19) 1.19(0-86-1.51) 1.52(1.23-1.81) 1.21(1.01-1.40)
Low deprivation 0.88(0.79-0.97) 0.95(0.60-1.30) 1.00(0.71-1.28) 0.89(0.68-1.09)
Total 1.05(1.02-1.08) 1.08(0.96-1.19) 1.35(1.25-1.45) 1.19(1.12-1.26)
Trend p<0.05 n.l. p<0.05 l. p<0.05 l. p<0.05 l.
C) Breast cancer and prostate cancer mortality rates
Deprivation group Breast cancer (F)
SMR(95%CI)
Prostate cancer (M)
SMR(95%CI)
High deprivation 1.35(0.93-1./8) 1.36(0.83-1.98)
Medium-high deprivation 1.04(0-75-1.33) 1.03(0-68-1.38)
Medium deprivation 1.13(0.96-1.29) 1.03(0.83-1.22)
Medium-low deprivation 1.27(0.93-1.61) 0.92(0.57-1.28)
Low deprivation 1.14(0.72-1.55) 0.68(0.30-1.07)
Total 1.16(1.03-1.28) 1.01(0.87-1.15)
Trend p<0.05 n.l. p<0.05 l.
n.l.: non-linear trend; l.: linear trend; F = females; M = males.
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Fig. 2. Distribution of deprivation indexes in the Municipality of Florence, by census section.
Fig. 3: Influenza vaccination coverage (%) in the different deprivation groups:
a): Season 2015/16; b): Season 2016/17; c): Seasons 2015/16 and 2016/17 combined.
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Tab. II. Factors influencing vaccination coverage in each deprivation group (with correlation values and statistical significance).
Season 2015/16  Pearson correlation P value
High deprivation
% singles/unmarried -1.000 0.020
% upper secondary school 0.997 0.046
% earners from labor or capital income 0.998 0.042
% 2-member families -0.999 0.026
% single-parent families with children under 15 years -0.998 0.042
% single-member families 65+ 0.999 0.031
Medium-high deprivation
% 3-member families 0.597 0.011
Medium deprivation
% singles/unmarried -0.408 0.007
% married 0.342 0.025
% foreigners and stateless persons residing in Italy -0.329 0.031
% rented homes -0.351 0.021
% owned homes 0.323 0.034
% employees 0.311 0.043
% temporary job -0.329 0.031
Medium-low deprivation
% belonging to labor force -0.572 0.032
% employed -0.541 0.046
% not belonging to the labor force 0.662 0.010
% students 0.548 0.042
% earners from labor or capital income 0.601 0.023
% employees -0.638 0.014
Average area of homes occupied 0.542 0.045
Activity rate -0.635 0.015
Low deprivation
No correlation
Season 2016/17  Pearson correlation P value
High deprivation
% lower secondary school 0-.995 0.043
% unemployed looking for new jobs -0.999 0.033
% employed -0.999 0.026
% self employed 0.994 0.041
Activity rate unemployed looking for new jobs -0.998 0.039
Unemployment rate -1.000** 0.006
Medium-high deprivation
% 3-member families 0.458 0.044
Medium deprivation
% divorced -0.292 0.048
% primary school diploma -0.279 0.041
% unemployed looking for new jobs -0.355 0.024
% self-employed 0.355 0.025
% single-parent families with children under 15 years -0.314 0.048
Unemployment rate -0.315 0.048
Medium-low deprivation
% housewives -0.566 0.044
% 3-member families 0.617 0.025
Low deprivation
% married 0.476 0.025
% separated -0.380 0.041
% rented homes -0.379 0.082
% 2-member families 0.447 0.037
% 3-member families -0.405 0.041
% term contract workers -0.403 0.043
% temporary job -0.659* 0.001
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have demonstrated that people living in more deprived 
areas have higher mortality rates than those living in less 
deprived areas [13-16].
From the analysis of the distribution of deprivation in 
the municipality of Florence, it emerges that the most 
deprived area is the western suburb, where the poorest 
people live. By contrast, the central area of the city ap-
pears to be the least deprived, although it does contain 
some deprived quarters. This could be due to the fact that 
not only economic but also familial and social factors 
(such as living alone, less access to health services) are 
involved in deprivation.
Vaccination coverage in the two flu-seasons proved to 
be low and did not meet the goal of 75% uptake among 
older people, which is the national minimum target set 
for people over 65y [16]; indeed, VC values were below 
65%, which is very far from the optimal national target 
of 95%. 
Application of the SEHDI to elderly people in the mu-
nicipality of Florence revealed that adherence to influ-
enza vaccination was greatest in the sub-group with the 
highest level of deprivation. These results differ from 
some previous findings. Indeed, a systematic review 
conducted in 2017, which investigated the association 
between deprivation indexes and anti-influenza vaccina-
tion coverage in the elderly population, found that elder-
ly subjects belonging to the least deprived group were 
significantly more likely to be vaccinated than those in 
the most deprived group  [11]. Moreover, Anu Jain et 
al. [18] reported that seasonal influenza vaccination up-
take was modestly lower (7-11%) amongst those living 
in the most deprived areas.
On examining the individual Census variables, it is pos-
sible to identify some characteristics that further define 
the sub-groups of population with lower vaccination up-
take. The results showed a positive correlation between 
immunization coverage and the percentage of married 
people and the average number of family members. By 
contrast, a negative correlation emerged between vacci-
nation coverage and the percentage of divorced/single/
unmarried people (probably living alone) and unem-
ployed people. 
Vaccination coverage also appears to be correlated with 
different factors in the different deprivation groups, con-
firming that socio-economic status plays an important role 
in health choices. Thus, the data on vaccination coverage 
in the municipality of Florence, when integrated with the 
index of territorial deprivation, allow us to identify spe-
cific sub-groups of the older population that do not suf-
ficiently adhere to seasonal influenza vaccination advice. 
The present study has some limitations. Firstly, mortal-
ity data and immunization coverage data refer to different 
periods; this is due to the unavailability of the most recent 
mortality data in the period of data collection. Secondly, 
vaccination coverage was calculated only for the two most 
recent influenza seasons (2015/16 and 2016/17), since 
digital data on previous years were not available (data 
from 2009/10 to 2013/14 were available only on paper). 
Moreover, influenza vaccination coverage data could be 
affected by possible bias regarding the correspondence 
between the address of each GP’s outpatient clinic and the 
census section of the Municipality of Florence. Indeed, 
citizens in Tuscany can choose their GP from among all 
those who work in the area that includes their munici-
pality of residence. Consequently, a resident of Florence 
may have chosen a GP whose outpatient clinic was on the 
opposite side of the city, or even in another municipality 
in the same area. The same applies to residents of other 
municipalities in the same area, who may have chosen a 
GP from the municipality of Florence, although they did 
Tab. II. Factors influencing vaccination coverage in each deprivation group (with correlation values and statistical significance).
Seasons 2015/16 and 2016/17 combined Pearson correlation P value
High deprivation
% upper secondary school 0.992 0.049
% not belonging to the labor force 0.997 0.043
% other employment status -0.998 0.041
% earners from labor or capital income 0.992 0.042
% entrepreneurs 0.996 0.049
% self-employed 0.995 0.045
% single-parent families with children under 15 years -0.992 0.042
Medium-high deprivation
% 3-member families 0.586 0.013
Medium deprivation
% married 0.326 0.024
Medium-low deprivation
% primary school diploma -0.510 0.063
% 3-member families 0.503 0.067
% employees -0.718 0.004
Low deprivation
% 2-member families 0.450 0.031
% 3-member families -0.422 0.045
*= p < 0.05; ** = p < 0.01.
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not reside in this municipality. Moreover, a GP may have 
several clinics in the same municipality.
Conclusions
In order to increase vaccination uptake and to under-
stand the factors that influence immunization coverage, 
deprivation indexes can constitute a useful tool to share 
with the GPs in the territory. The results of the present 
study should be communicated to GPs, in order to help 
them to promote influenza vaccination among their pa-
tients, particularly those patients who are less likely to 
be vaccinated and who are at higher risk of death.
Continuing medical education, even in the form of dis-
tance learning, could constitute a useful application of 
the Project.
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